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Abstract. Background/Aim: Whole-body positron-emission
tomography/computed tomography with the glucose analog
2—[18F]ﬂu0r0—2—deoxy-D—glucose (FDG-PET/CT) has been
used to screen examinees for underlying malignancy in many
countries. The aim of this study was to compare the potential
value of FDG-PET/CT application in asymptomatic
individuals with those with suspected malignancy. Patients
and Methods: A total of 9,408 examinees underwent whole-
body FDG-PET/CT at our hospital from July 2006 to August
2013. Three thousand and seven hundred asymptomatic
individuals and 848 individuals with laboratory and
clinical/radiological suspicion of malignancy who had
undergone FDG-PET/CT for cancer screening were
recruited. The final confirmation of cancer and outcomes
were based on a pathological report and continuous follow-
up. Results: Forty-five out of 3,700 asymptomatic individuals
(1.2%) had proven malignancy, and 42 of them (93.3%) were
found by FDG-PET/CT. Two hundred and twelve out of 848
with suspected malignancy (25%) had proven malignancy,
and 196 of them (92.5%) were detected by FDG-PET/CT.
Most of these cancers in asymptomatic individuals were
clinically at an early stage. The discovery rate in
asymptomatic individuals and those with suspected
malignancy was 1.1% and 23.1%, respectively. The overall
survival of patients with cancer diagnosed with PET/CT was
higher than those with suspected malignancy (78.6% vs.
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48.5%, p<0.001). Patients with a resectable lesion, early-
stage disease, and lower maximal standardized uptake value
had significantly better survival than those without.
Conclusion: FDG-PET/CT is useful in the early diagnosis of
cancer and thus might improve the survival rates of these
patients. Considering the costs and risk of radiation
exposure, it would be better used as a priority in patients
with laboratory and clinical/radiologic suspicion of
malignancy.

Cancer is a major public health problem worldwide and is the
first or second leading cause of death in developed countries
(1-3). Early detection of cancer is crucial for initiating
treatment, prolonging survival, reducing mortality and the
economic burden. To achieve early detection, various
modalities for cancer screening have been developed, studied,
and debated (3, 4). The National Cancer Institute in the US
has estimated that 3% to 35% of premature deaths could be
avoided through cancer screening (5). Like various tumor
markers, conventional cancer screening is organ specific. In
other words, conventional screening cannot detect cancer
outside of the target organ nor determine disease severity. Four
conventional cancer screenings including mammography,
Papanicolaou smear, fecal occult blood and oral mucosa
cytology are provided free to a selected population in Taiwan.
Standard tests including physical examination, blood, urine
and stool tests, serum tumor markers [cancer antigen-125
(CA-125), CA-153, carcinoembryonic antigen (CEA), alpha-
fetoprotein (AFP) and CA 19-9 for women, and prostate
specific antigen (PSA), CEA, AFP and CA-199 for men], as
well as chest film and abdominal sonography, are also
performed every 2 to 3 years. Ideally, cancer screening should
be a non-invasive and painless procedure that can reliably
detect various types of cancer at a potentially curable stage
regardless of location (3). Positron-emission tomography with
the glucose analog 2-['8F]fluoro-2-deoxy-D-glucose (FDG-
PET) has been increasingly recognized as a powerful tool with
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which to evaluate various malignant tumor types. FDG is an
analog of glucose that is taken up and trapped in cells and is
labeled with a positron-emitting isotope. FDG-PET is an
imaging method based on the increased rate of glucose
metabolism in malignant tumors that can be detected prior to
anatomical changes. FDG-PET also provides improved
differentiation of tumor malignancy and has high sensitivity
for tumor detection. However, there is physiological FDG
uptake in the brain, ocular muscles, nasopharynx, tonsils,
salivary glands, intrinsic laryngeal muscles, heart, great
vessels, breasts, liver, spleen, pancreas, stomach, intestines,
kidneys, ureters, urinary bladder, genital organs, bone marrow
and muscles. Additionally, several benign processes,
particularly inflammation, also lead to higher uptake of FDG.
The recognition of the physiological uptake of FDG and these
benign processes is important in order to avoid the
misinterpretation of PET. In a nationwide questionnaire survey
of cancer screening in Japan, the cancer discovery rate of
1.4% associated with FDG-PET was much higher than the
0.1% rate for conventional cancer screening (3). Combined
PET and computed tomography systems (PET/CT) have
emerged as promising imaging modalities, gradually replacing
PET and becoming more routinely applied clinically. With the
ability of CT to provide anatomical mapping images and
attenuation correction data, PET/CT can reduce the false-
positive rate and improve the specificity compared with PET
alone (3-5).

At the PET center of our hospital, some FDG-PET/CT
scans were performed for cancer screening in a healthy
population and cancer detection in some for those exhibiting
a relatively higher incidence of cancer. We collected the
FDG-PET/CT results of asymptomatic individuals and those
with suspected malignancy (elevated tumor markers, clinical
or radiological suspicion of malignancy) at our PET center.
The aim of this study was to compare the potential value of
FDG-PET/CT application in these two groups and further
evaluate the cancer discovery rate and overall survival.

Patients and Methods

Participants. We retrospectively collected data from examinees who
underwent FDG-PET/CT scans at our hospital. A total of 9,408
examinees underwent whole-body FDG-PET/CT from July 2006 to
August 2013. Four thousand five hundred and forty-eight cases
without a history of cancer were included and were divided into two
groups: asymptomatic individuals (group 1) and subjects with
suspected malignancy (group 2). According to the study application
forms, 3,700 cases were asymptomatic, 313 were referred due to a
clinical suspicion of malignancy, 308 were referred due to
radiological suspicion, and 227 were referred due to elevated tumor
markers. Among the 3,700 asymptomatic individuals, 323, 1,097,
1,396, 677 and 207 cases were in the <4th, 5th, 6th, 7th and >=8th
decades of life, respectively. After the completion of the FDG-
PET/CT examination, an experienced attending physician provided
a detailed explanation of the scan results to allay the doubts of the
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participants while providing information. A concluding report was
provided to each examinee within 1 week. If any examinee was
suspected of having cancer, they were provided with a clinic
appointment and introduced to doctor to provide appropriate
treatment. The final confirmation of cancer and outcomes were
based on a pathological report and continuous follow-up. This study
was approved by the Kaohsiung Veterans General Hospital
Institutional Review Board (VGHKS13-CT12-16). The need for
written or verbal informed consent to participate in this study was
waived by the hospital ethics committee because of the retrospective
nature of the study.

FDG PET/CT imaging. Examinees fasted for at least 6 hours prior
to whole-body FDG-PET/CT imaging. An intravenous catheter was
placed for radiopharmaceutical administration, and the examinee’s
blood glucose level was measured prior to injecting the tracer. All
the examinees exhibited a blood glucose level <150 mg/dl at the
time of injection. Each examinee received 370-555 MBq of !8F-
FDG, according to their body weight (7.03 MBq/kg). After the
tracer injection, the examinees rested for 1 hour on a comfortable
bed in a dark room. Whole-body FDG-PET/CT imaging (Discovery
ST-16; GE Healthcare, Milwaukee, WI, USA) was performed from
the head to the upper thigh with the examinee in a supine position.
A delayed image, with or without the use of diuretics, was obtained
when necessary. CT scanning was performed prior to PET imaging.
The following parameters were used: 0.6 s per rotation: 120 kV, 100
mA, and 3.75-mm-thick slices. After CT scanning, PET images of
the same regions were acquired in the 2D mode, and 4 min of data
were collected per bed position. Attenuation-corrected PET images
were reconstructed using an ordered subset expectation
maximization iterative reconstructed algorithm. The 3.75-mm thick
transaxial CT images were reconstructed at 3.27-mm intervals for
fusion with the PET images. PET, CT, and fused PET/CT images
were generated on a Xeleris image display and processing platform
(GE Healthcare) for review on a computer workstation.

Image analysis. The PET, CT, and fused PET/CT images were
interpreted by two qualified nuclear medicine physicians who were
allowed to manipulate the image contrast, image intensity, and 3D
images on a computer screen. The final diagnoses were made by
consensus. The physicians were not blinded to the medical history
or outcomes at the times of image analysis. Prior imaging,
especially prior contrast-enhanced CT scans, was available at the
time of review to enable the fullest analysis. Both physicians
reviewed the data independently before reaching a consensus. Any
increase in the FDG uptake was compared with the corresponding
anatomical findings on the CT image. For areas with abnormal FDG
uptake, the physicians outlined the region of interest (ROI), which
indicated the area with the greatest amount of uptake. The
standardized uptake value (SUV), a marker of tumor glucose
metabolism, was determined semi-automatically using the SUV
tools available in the Xeleris software package as: SUV=activity in
the ROI (Bq/g)/[injected dose (Bq)/body weight (g)]. The two-
dimensional ROI was drawn around the tumor on each transaxial
slice that contained tumor tissue. A single-pixel maximal SUV
(SUVmax) was determined for each region, and the slice with the
highest SUV was considered to be the SUVmax for the entire tumor.

Statistical analysis. The results were analyzed on a pathological
basis, via imaging modalities, or with clinical follow-up evaluations.
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Figure 1. Positron emission tomography/computed tomography (PET/CT) in a 60-year-old asymptomatic post-menopausal woman with no indication
of systemic disease. PET/CT demonstrated increased 2-[18F [fluoro-2-deoxy-D-glucose uptake in the central portion of the uterus (maximum standard
uptake value: 10.3, cross cursor). Dilation and curettage were performed, and malignancy was demonstrated by pathological analysis. She underwent
abdominal total hysterectomy, bilateral salpingo-oophorectomy, and bilateral pelvic and para-aortic lymph node sampling, which showed moderately
differentiated endometrioid adenocarcinoma, without lymph nodal metastasis. The pathological classification was stage 1. She has been free of the

disease for more than 10 years.

The discovery of cancer was defined as the detection of a malignant
lesion within 12 months of the whole-body FDG-PET/CT scan. Chi-
squared test was used to examine the differences between groups.
Differences were considered to be significant at p<0.05. The curve
for cumulative survival from the time of FDG-PET/CT was derived
from Kaplan—Meier method. All the calculations were performed
using SPSS software, version 20.0 (SPSS, Chicago, IL, USA).

Results

Cancer detection. Forty-five out of 3,700 (1.2%) examinees
in group 1 had proven malignancy. Forty-two of them
(93.3%) were found by FDG-PET/CT. The tumors of three
patients, two with prostate cancer and one with urinary
bladder cancer found within 1 year, were not detected by
PET/CT. Two dual cancer cases were detected: one had lung
cancer and cervical cancer, and the other had endometrial
and ovary cancer. The distribution of these malignancies was

as follows: lung cancer in nine, colorectal cancer in nine,
seven, thyroid cancer in four,
nasopharyngeal cancer in three, prostate cancer in three,

breast cancer in
ovarian cancer in three, endometrial cancer in two (Figure
1), and lymphoma, brain cancer, renal cancer, urinary
bladder cancer, cervix cancer, neuroendocrine tumor (NET)
and hepatoma in one case each. The cancer detection rates
according to the age distribution were 0.9% (3/323), 1.0%
(11/1,097), 1.2% (16/1,396), 1.6% (11/677) and 1.9%
(4/207) in the =4th, 5th, 6th, 7th and =8th decades of life,
respectively. The stages of the malignant tumors according
to the seventh edition of the American Joint Committee on
Cancer (AJCC) Classification (6) were as follows: Stage 0
in four, I in 25, II in eight, III in seven, IV in two, and
unclassified in one. For the three tumors not detected by
PET/CT, there was one case each of stage I, II and III. Fifty-
four patients with positive PET/CT had benign lesions. These
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Table 1. Proven cases of cancer detection in asymptomatic individuals
(group 1) and individuals with suspected malignancy (group 2).

Cancer Group 1 Group 2

PET/CT PET/CT

Cases  + - Cases +

Brain 1 1 0

Nasopharynx
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Thyroid 4

Lung 8

Breast 7
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Colorectal
Ovary
Cervix
Kidney 1 1
Prostate 3 1 2
Liver 1 1 0 1
Stomach

Pancreas

Cholangiocarcinoma

Duodenum

Urinary bladder 1 0
Lymphoma 1 1 0
Multiple myeloma

Malignant thymoma

Mediastinal germ cell

Chondrosarcoma

Neuroendocrine 1 1 0
Endometrium 1 1 0
MUO 3 3
Dual cancer 2 2 0 3 3 0
Total 45 42 212 196 16
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MUO: Malignancy of unknown origin, PET/CT: positron-emission
tomography/computed tomography.

included 22 patients with a benign tumor (nine brain, three
uterine, two adrenal, two thymomas, one teratoma, one
thyroid adenoma, one liver hemangioma, one splenic
hemangioma, two lymphadenopathies), five with
inflammatory disease (four tuberculoses and one non-
necrotizing granulomatous inflammation) and 27 with pre-
cancer (26 colorectal adenomas and one atypical ductal
hyperplasia of the breast). Another two examinees had stone-
induced hydronephrosis and marked hydrocephalus and
received immediate manipulations.

Two hundred and twelve out of 848 (25%) examinees in
group 2 had proven malignancy. One hundred and ninety-six
of these malignancies (92.5%) were detected by FDG-
PET/CT. Sixteen patients had cancer found within 1 year that
were not detected by FDG-PET/CT. These were 10 breast,
two lung, and one end of colon, one gastric, one hepatoma,
and one multiple myeloma. The distribution of different
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Figure 2. A 37-year-old man presented with jaundice and epigastric
pain of 6 months’ duration, and elevated serum cancer antigen 19-9 (CA
19-9) level of 836 U/ml (normal range: <37 U/ml). Abdominal
sonography and computed tomography found a dilated bile duct, but
biopsy via endoscopic retrograde cholangiopancreatography twice
found no malignant cells. A: Positron-emission tomography/computed
tomography with 2-[18F Jfluoro-2-deoxy-D-glucose (FDG-PET/CT)
showed a ‘hot’ area at the pancreatic head (maximum standard uptake
value: 14.5, cross cursor). The pathological classification was stage II1.
B: He underwent palliative bypass due to an unresectable lesion,
radiotherapy and chemotherapy, which revealed good response on the
subsequent FDG-PET/CT, and the serum CA 19-9 level returned to
normal. However, the tumor relapsed, and his disease progressed. The
patient died 20 months after the first PET/CT.

malignancies in group 2 is listed in Table I. Three of them
had dual cancer: one had lung cancer and melanoma, one
had breast cancer and lymphoma, and one had thyroid cancer
and lymphoma. The stages of malignant tumors according to
AJCC were as follows: Stage 0 in four, I in 58, IT in 33, III
in 57, IV in 60, unclassified in three. For the 16 tumors not
detected by PET/CT, the stages of malignancy were O in
three, I in 10, III in one, IV in one, and unclassified in one.
Thirty-four patients with positive PET/CT had benign
lesions. These included nine patients with a benign tumor
(one each of pituitary macroadenoma, choroid lesion, uterine
mass, round pneumonia of lung, carvernous hemangioma of
the lung, sclerosing hemangioma of the lung, bone marrow
disease, teratoma, and mediastinal mass), 11 with
inflammatory disease (five of tuberculosis, three of
sarcoidosis, two lymphadenopathies, and one necrotizing
lymphadenitis) and 14 with pre-cancerous lesions (12
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Table II. Review summary of cancer screenings by positron-emission tomography (PET) or PET/computed tomography (CT) in asymptomatic

individuals.

PET
Author Year  Examinees,n Cancer, n + - Detection rate (%) Modality Country
Yasuda et al. (7) 2000 3,165 67 36 31 1.1 PET Japan
Kao et al. (8) 2001 299 9 7 2 2.3 PET Taiwan
Shen et al. (9) 2003 1,283 18 15 3 1.2 PET Taiwan
Chen et al. (10) 2004 3,631 58 47 9 1.3 PET or PET/CT Taiwan
Ide (11) 2006 9,357 296 141 155 1.5 PET Japan*
Minamimoto et al. (12) 2007 43,996 500 395 105 09 PET Japan*
Kojima et al. (13) 2007 4881 51 36 15 0.7 PET Japan
Terauchi et al. (14) 2008 2911 157 28 129 1.0 PET Japan
Nishizawa et al. (5) 2009 1,197 22 11 11 09 PET Japan
Lee et al. (15) 2009 1,336 16 11 5 0.8 PET/CT Republic of Korea
Shibata et al. (16) 2011 19,189 339 223 116 1.2 PET Japan
Minamimoto et al. (17) 2013 155,456 1912 1,491 421 1.0 PET or PET/CT Japan*
Sengoku et al. (18) 2014 1,750 32 19 13 1.1 PET or PET/CT Japan
This study 3,700 45 42 3 1.1 PET/CT Taiwan

*Nationwide survey.

colorectal adenomas, one atypical ductal hyperplasia of
breast and one severe dysplasia of uterine cervix).

The discovery rate of FDG-PET/CT in group 1 was 1.1%
(42/3700), which is comparable to that in the literature
(Table II). In group 2, the rate of cancer detection was 23.1%
(196/848). The detection of a clinically suspected but
radiological equivocal lesion is particularly meaningful. A
37-year-old man presented with jaundice and epigastric pain
of 6 months’ duration, and elevated serum CA 19-9 of 836
U/ml (normal range: <37 U/ml). Abdominal sonography and
CT found a dilated bile duct, but biopsy via endoscopic
retrograde cholangiopancreatography twice found no
malignant cells. FDG-PET/CT showed a hot area at the
pancreatic head (SUVmax: 14.5), and the pathological
classification was stage III (Figure 2).

Diagnostic value of FDG-PET/CT. FDG-PET/CT was used
to detect the cancer of 42 patients in group 1 and 196
patients in group 2. Fifty-four false-positive and 3 false-
negative diagnoses in group 1, and 34 false-positive and 16
false-negative diagnoses in group 2 were noted. Accordingly,
the sensitivity, specificity, true-positive rate (PPV), negative-
predictive value (NPV) and accuracy of FDG-PET/CT were
as follows: Overall: 92.6%, 97.9%, 73%, 99.5% and 97.6%,
respectively; group 1: 93.3%, 98.5%, 43.8%, 99.9% and
98.5%, respectively; and in group 2: 92.5%, 94.7%, 85.2%,
97.4% and 94.1%, respectively. The PPV of FDG-PET/CT
in group 2 was significantly better than that for group 1
(85.2% vs. 43.8%, respectively; p<0.001). No significant
difference in the sensitivity, specificity, NPV and accuracy
between these two groups (p>0.05) was noted (Table III).

Overall survival. Group 1 patients with cancer were found
to be significantly younger than those in group 2 (55.5£11.0
vs. 60.5+£13.8, p=0.009, Table 1V). The median tumor
SUV ..x values for group 1 and 2 patients with cancer were
4.9 (range=0.8-23.9) and 7.4 (range=0.9-40.2), respectively
(p=0.002). The median follow-up times were 67 (range=6-
106) months and 43 (range=0-103) months, respectively. All
45 (100%) cases in group 1 and 212 (100%) cases in group
2 had histologically proven malignancy. The number of those
with early-stage (<stage II) cancer in group 1 was
significantly higher than that in group 2 (35/45 vs. 94/212,
p<0.001). Of patients with cancer, two out of 45 (0.4%) in
group 1 and 60 out of 212 (28.3%) in group 2 had distant
metastases (p=0.001). Surgical resections were performed in
86.7% (39/45) of the group 1 patients and 62.7% (133/212)
of the group 2 patients (p=0.002). The others were treated
mainly using radiotherapy/chemotherapy.

After continuous follow-up, 10 out of the 45 (22.2%)
patients with cancer in group 1 and 115 of the 212 (54.2%)
in group 2 developed disease progression or recurrence.
Finally, nine cases in group 1 and 110 in group 2 expired at
the end of the study. The mean time from diagnosis to death
in these patients was 49 months (range=12-103 months) for
group 1 and 19.5 months (range=0-96 months) for group 2
(p=0.024). The overall survival was higher in group 1 than
in group 2 (80.0% vs. 48.1%, p<0.001). For those diagnosed
with cancer by PET/CT, nine cases in group 1 and 101 in
group 2 had died by the end of the study. The overall
survival was significant higher in group 1 than that in group
2 [78.6% (33/42) vs. 48.5% (95/196), p<0.001, Figure 3A].
Twenty-seven out of 117 patients with early-stage malignant
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Table III. Efficiency of positron-emission tomography (PET) or PET/computed tomography for cancer detection in asymptomatic individuals (group

1) and those with suspected malignancy (group 2).

Category (n) TP FpP TN FN Sen (%) Spe (%) PPV* (%) NPV (%) Acc (%)
Group 1 (n=3,700) 42 54 3,601 3 933 98.5 43.8 99.9 98.5
Group 2 (n=848) 196 34 602 16 92.5 94.7 85.2 97.4 94.1
Total (n=4,548) 238 88 4203 19 92.6 97.9 73.0 99.5 97.6

Acc: Accuracy; FN: false-negative; FP: false-positive; NPV: negative predictive value; PPV: positive predictive value; Sen: sensitivity; Spe:
specificity; TN: true negative; TP: true positive. *p<0.001, group 1 vs. group 2.

Table IV. Outcomes of patients with cancer in asymptomatic individuals (group 1) and those with suspected malignancy (group 2).

Group 1 (n=45) Group 2 (n=212) p-Value
Age, years 55.5+11.0 60.5+13.8 0.009
Gender, M/F, n 18/27 105/107 0.245
Median SUVmax (range) 4.9 (0.8-23.9) 7.4 (0.9-40.2) 0.002
Histology, n (%)* 45 (100) 212 (100) >0.99
Early-stage, n (%)* 35 (77.8) 94 (44.3) <0.001
Distant metastasis, n (%)* 204 60 (28.3) 0.001
Surgical resection, n (%)* 39 (86.7) 133 (62.7) 0.002
Progression or recurrence, n (%)* 10 (22.2) 115 (54.2) <0.001
Death, n (%)* 9 (20) 110 (51.9) <0.001
Time from PET/CT to death (range), months 49 (12-103) 19.5 (0-96) 0.024

PET/CT: Positron-emission tomography/computed tomography; SUV . :

max-

lesions who had undergone surgical resections died
compared with 92 out of 140 others. There was a significant
difference in the overall survival between these two patient
groups (76.9% vs. 34.3%, p<0.001, Figure 3B).

Discussion

Whole-body FDG-PET has been used for decades to screen
underlying malignancies in asymptomatic individuals.
Cancer screening focuses on early detection to reveal curable
cancer that would be fatal if left untreated. FDG-PET has the
potential to detect various cancer types at a potentially
curable stage (3-4). In this study, we collected the data of
examinees without a prior history of cancer, who had
undergone FDG-PET/CT scans and revealed malignant
tumors in 42 out of 3,700 (1.1%) asymptomatic individuals,
with a PPV of 43.8%, and in 196 out of 848 (23.1%) with
suspected malignancy, with a PPV of 85.2%, respectively.
The discovery rate in our cases of asymptomatic individuals
was similar to that previously reported (5, 7-18). Most of the
reported studies in the literature have focused on cancer
screening in ‘asymptomatic’ individuals. Therefore, no other
report can be compared with our results on individuals with
suspected malignancy. In fact, some examinees came to our
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maximal standardized uptake value. *Of those with malignancy.

hospital for cancer detection due to incidental or sudden
findings of abnormal physical or laboratory abnormalities.
We found a significant difference in the PPV in these two
groups (43.8% vs. 85.2%, p<0.001). Minamimoto et al.
demonstrated increased cancer discovery rates of 0.4%,
08%, 1.1%, 1.5%, 2.1% and 2.6%, and PPVs of 16.5%,
22.9%,24.1%, 27.4%, 33.1% and 40.9% in those in the 4th,
5th, 6th, 7th, 8th and =9th decades of life, respectively (17).
Lee et al. reported that cancer detection rates were 1.0%,
09%, 1.5%, 1.2% and 0.9% in the <4th, 5th, 6th, 7th and
=>8th decades of life, respectively (10). In our study, the
corresponding cancer detection rates were 0.9%, 1.0%, 1.2%,
1.6% and 1.9%, respectively. The PPV in prior articles
ranged from 3.3% to 70% (8, 9, 17, 19) in different
populations of healthy asymptomatic participants, and 79%
to 100% in patients with various known or suspected cancer
(20-25). The discovery rate of cancer and PPV in our study
supports the interpretation that the cancer discovery rate and
PPV should be considered in the context of disease
prevalence (10, 17, 26).

Inherent false-positive results for cancer screening exist,
although patients can ultimately benefit from these findings.
Fifty-four out of 3,700 cases in group 1 (1.46%) and 34 out
of 828 in group 2 (4.1%) that were considered clinically
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Figure 3. Cumulative survival curve of patients diagnosed with cancer by PET/CT in asymptomatic individuals (group 1) and with suspected
malignancy (group 2) (A), and according to surgical resection stage tumor lesions (B).

important and required surgical intervention were
histologically benign. Thirty-one (35.2%) were benign
tumors, 16 (18.2%) were regarded as inflammatory disease,
and the remaining 41 (46.6%) were pre-cancerous lesions. In
the present study, false-positives also led to the surgical
resection of significant tumors. The early detection of these
diseases might lead to more effective treatment options and
could improve patient survival. Furthermore, some significant
infectious/inflammatory diseases were detected (27) and
appropriately treated or referred for follow-up. In addition to
those histologically proven cases, two examinees with stone-
induced hydronephrosis and marked hydrocephalus on
PET/CT went on to receive immediate manipulations.

Three out of 45 cases with cancer in group 1 (6.7%) and
16 out of 212 in group 2 (7.5%) were not detected by FDG-
PET/CT. These were 10 breast, two lung, two prostate, and
one each of urinary bladder, colon and gastric cancer, one
hepatoma, and one multiple myeloma. The possible causes
for false-negative FDG-PET were as follows: (i) Cancer with
hypometabolic features or low accumulation of FDG; (ii)
cancer with low cell density; (iii) cancer with high
background activity (e.g. urinary tract); (iv) and small
cancerous lesions (4, 10, 11). However, most of the cancer
cases in this study were found at a clinically early stage:
Stage 0 in three (all breast), [ in 11 (seven breast, two lung,
and one each of prostate and hepatoma), Il in one (urinary
bladder), III in two (one each of prostate and colon), IV in
one (gastric), and unclassified in one (multiple myeloma).

Surgery is potentially curative for patients with limited
sites of malignant disease, particularly those in the early
stage (28-31). FDG-PET/CT is helpful in the selection of

patients who might derive significant survival benefits from
optimal surgical strategies. The earlier recognition of
resectable lesions hopefully will provide more effective
treatment options and improve patient survival rates. In this
study, surgical resections were performed in 86.7% (39/45)
of patients in group 1 and 62.7% (133/212) in group 2
(p=0.002). The number of early-stage (<stage 2) cancer in
group 1 was significantly higher than that in group 2 [77.8%
(35/45) vs. 44.3% (94/212), p<0.001]. Furthermore, the
median tumor SUVmax was lower in group 1 than in group
2 patients with cancer (p=0.002). Pretreatment FDG-PET
SUV was found to be a prognostic factor for outcome in
many types of cancer (32-35).

In a health promotion proposal project supported by our
Institution, hospital employees between 55 and 65 years old
were provided the opportunity to undergo free whole-body
FDG-PET/CT (26). This selected population exhibits a
relatively higher incidence of cancer and is in the last decade
before retirement according to the regulations of our
government. The cancer discovery rate was 3.3% (3/92) with
a PPV of 50% (3/6). The offer of whole-body FDG-PET for
cancer screening was welcomed with enthusiasm by most
hospital employees. Most of the participants (77/81, 95.1%)
reported no sense of worry, anxiety, depression or
psychological distress after the PET/CT examination. We
believe that an immediate and detailed interpretation of the
PET/CT results dispelled the doubts and fears of participants
and encouraged participants to accept the scan results.

Whole-body FDG-PET/CT is expensive and carries with
it risk from radiation exposure, and is not yet suitable for
general use for cancer screening. Moreover, additional
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examinations because of false-positive PET findings are not
without risks. FDG-PET is commonly used for staging and
restaging of many solid tumors. However, not all tumors take
up high levels of FDG, which may cause challenges in scan
interpretation. FDG uptake correlates with glycolysis levels
and is generally much higher than that of normal tissues in
many common malignancies including lung, breast, and
colon cancer. Other tumor subtypes may have low-level
uptake, including renal cell cancer, mucinous tumors,
hepatocellular carcinoma, prostate cancer, low-grade
lymphomas and low-grade adenocarcinoma spectrum lesions
in the lungs (36-41). It is important to clarify the value of
whole-body PET/CT for health screening including the
issues of cost-effectiveness and the impact on cancer
mortality (4, 42). A recent article suggested that FDG
PET/CT scan can be performed as a first-line tool in the
initial diagnosis of the patients with cancer of unknown
origin and to add radiodiagnostic imaging in selective cases.
If the first-line examination of a patient with cancer of
unknown origin has already been performed by conventional
imaging methods and the result was negative or
inconclusive, FDG PET/CT can be considered to avoid
further unnecessary imaging procedures (25). In this study,
FDG-PET/CT had a high discovery rate in those with
suspected malignancy, and a lower rate of false-positives and
higher PPV than those in the asymptomatic individuals.
PET/CT detection in selected individuals with suspected
malignancy may be more valuable.

Our study had some limitations. Firstly, it was
retrospective, and FDG-PET/CT was applied to a specific
cohort of examinees who asked for a health check-up.
Therefore, this might have resulted in some bias. Secondly,
we actually limited whole-body imaging from the head to the
upper thigh in most of the examinees because cancer below
the thigh is rare in adults. Limited whole-body PET/CT has
advantages over true whole-body PET/CT, primarily
reducing the scanning time and radiation exposure (43-44).
Finally, the total number of participants in this study was
small. Additional studies with a prospective trial design
investigating a specific cohort of patients would be valuable.

Conclusion

FDG-PET/CT is useful in the early diagnosis of cancer and
thus might improve the survival rates of these patients. In
this study, FDG-PET/CT had high overall sensitivity and
specificity for detecting cancer in different patient groups,
and a higher discovery rate and PPV in those with suspected
malignancy than in the asymptomatic individuals. The rate
of detection of cancer in 1.2% in asymptomatic individuals
is likely too low to justify population-wide screening with
PET/CT. The only advantage of screening in asymptomatic
individuals is that cancer can be detected at an earlier stage
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with better prognosis. The utility of whole-body PET/CT for
the surveillance of selected groups of patients who have a
high risk for cancer would be more beneficial. In those
suspected of having malignancy, the proportion of cancers
was much greater, the stage was higher, and the incidence of
distant metastasis was greater than in asymptomatic
individuals. Therefore, FDG-PET/CT would be better used
as a priority in individuals with laboratory and
clinical/radiological suspicion of malignancy.

Conflicts of Interest

The Authors declare no conflicts of interest in association with this
study.

Author’s Contributions

N-J.P. designed the study. H-P.C., W-S.L., W-S.L., CH., Y-L.C.
collected data. C.H., Y-L.C analyzed the data. H-P.C., N-J.P. wrote
the article. All Authors declare they significantly participated in
creation of the study. All Authors approved the final article.

Acknowledgements

The Authors thank Professor Luo-Ping Ger, MPH, for statistical
assistance and Miss Yueh-O Lu, Mei-Ling Lu and Li-Ya Wang for
their assistance in the procedure of patient arrangement and data
management. This work was supported by the grant VGHKS 103-
013 from the Kaohsiung Veterans General Hospital, Taiwan,
Republic of China.

References

1 Siegel RL, Miller KD and Jemal A: Cancer Statistics, 2016. CA
Cancer J Clin 66: 7-30, 2016. PMID: 26742998. DOI:
10.3322/caac.21332

2 Chiang CJ, You SL, Chen CJ, Yang YW, Lo WC and Lai MS:
Quality assessment and improvement of nationwide cancer
registration system in Taiwan: A review. Jpn J Clin Oncol 45:
291-296, 2015. PMID: 25601947. DOI: 10.1093/jjco/hyu211

3 Ide M and Suzuki Y: Is whole-body FDG-PET valuable for
health screening? For. Eur J Nucl Med Mol Imaging 32: 339-
341, 2005. PMID: 15726352. DOI: 10.1007/s00259-005-1774-3

4 Schoder H and Gonen M: Screening for cancer with PET and
PET/CT: potential and limitations. J Nucl Med 48(Suppl 1): 4S-
18S, 2007. PMID: 17204716.

5 Nishizawa S, Kojima S, Teramukai S, Inubushi M, Kodama H,
Maeda Y, Okada H, Zhou B, Nagai Y and Fukushima M:
Prospective evaluation of whole-body cancer screening with
multiple modalities including [!8F]fluorodeoxyglucose positron-
emission tomography in a healthy population: a preliminary
report. J Clin Oncol 27: 1767-1773, 2009. PMID: 19255324.
DOI: 10.1200/JC0O.2008.18.2238.

6 Edge SB, Byrd DR, Compton CC, Fritz AG, Greene F and Trotti
A (eds.): AJCC Cancer Staging Manual. Seventh Edition.
Springer-Verlag; New York (NY): 2010. PMID: 20180029. DOI:
10.1245/s10434-010-0985-4



Chan et al: FDG PET/CT for Cancer Detection

7 Yasuda S, Ide M, Fujii H, Nakahara T, Mochizuki Y, Takahashi
W and Shohtsu A: Application of positron emission tomography
imaging to cancer screening. Br J Cancer 83: 1607-1611, 2000.
PMID: 11104553. DOI: 10.1054/bjoc.2000.1496

8 Kao CH, Kwan AS, Kwan JK and Chow MJ: The role of F-18
fluorodeoxyglucose positron emission tomography in cancer
screening- a preliminary report. Oncology Reports 8: 1145-1148,
2001. PMID: 11496332. DOI: 10.3892/0r.8.5.1145

9 Shen YY, Su CT, Chen GJ, Chen YK, Liao AC and Tsai FS: The
value of 18F-fluorodeoxyglucose positron emission tomography
with the additional help of tumor markers in cancer screening.
Neoplasma 50: 217-221, 2003. PMID: 12937856.

10 Chen YK, Ding HJ, Su CT, Shen YY, Chen LK, Liao AC, Hung
TZ, Hu FL and Kao CH: Application of PET and PET/CT
imaging for cancer screening. Anticancer Res 24: 4103-4108,
2004. PMID: 15736459.

11 Ide M: Cancer screening with FDG-PET. Q J Nucl Med Mol
Imaging 50: 23-27, 2006. PMID: 16557201.

12 Minamimoto R, Senda M, Uno K, Jinnouchi S, linuma T, Ito K,
Okuyama C, Oguchi K, Kawamoto M, Suzuki Y, Tsukamoto E,
Terauchi T, Nakashima R, Nishio M, Nishizawa S, Fukuda H,
Yoshida T and Inoue T: Performance profile of FDG-PET and
PET/CT for cancer screening on the basis of a Japanese
Nationwide Survey. Ann Nucl Med 217: 481-498, 2007. PMID:
18030580. DOI: 10.1007/s12149-007-0061-8

13 Kojima S, Zhou B, Teramukai S, Hara A, Kosaka N, Matsuo Y,
Suzuki H, Torigoe S, Suzuki T, Uno K and Fukushima M: Cancer
screening of healthy volunteers using whole-body 8F-FDG-PET
scans: The Nishidai clinic study. Eur J Cancer 43: 1842-1848,
2007. PMID: 17614273. DOI: 10.1016/j.ejca.2007.05.010

14 Terauchi T, Murano T, Daisaki H, Kanou D, Shoda H, Kakinuma
R, Hamashima C, Moriyama N and Kakizoe T: Evaluation of
whole-body cancer screening using F-18 2-deoxy-2-fluoro-D-
glucose positron emission tomography: a preliminary report.
Ann Nucl Med 22: 379-385, 2008. PMID: 18600415. DOI:
10.1007/s12149-008-0130-7

15 Lee JW, Kang KW, Paeng JC, Lee SM, Jang SJ, Chung JK, Lee
MC and Lee DS: Cancer screening using F-18 FDG-PET/CT in
Korea asymptomatic volunteers: a preliminary report. Ann Nucl
Med 23: 685-691, 2009. PMID: 19662344. DOI: 10.1007/512149-
009-0291-z

16 Shibata K, Arai M, Matsuura M, Uno K, Yoshida T, Momose T
and Ohtomo K: Relationship of detection rate of PET cancer
screening examinees and risk factors: analysis of background of
examinees. Ann Nucl Med 25: 261-267, 2011. PMID: 21188657.
DOI: 10.1007/s12149-010-0458-7

17 Minamimoto R, Senda M, Jinnouchi S, Terauchi T, Yoshida T,
Murano T, Fukuda H, Iinuma T, Uno K, Nishizawa S,
Tsukamoto E, Iwata H, Inoue T, Oguchi K, Nakashima R and
Inoue T: The current status of an FDG-PET cancer screening
program in Japan, based on a 4-year (2006-2009) nationwide
survey. Ann Nucl Med 27: 46-572, 2013. PMID: 23086544.
DOI: 10.1007/s12149-012-0660-x

18 Sengoku T, Matsumura K, Usami M, Takahashi Y and
Nakayama T: Diagnostic accuracy of FDG-PET cancer screening
in asymptomatic individuals: Use of record linkage from the
Osaka Cancer Registry. Int J Clin Oncol 79: 989-997, 2014.
PMID: 24481919. DOI: 10.1007/s10147-014-0666-6

19 Ghotbi N, Iwanaga M, Ohtsuru A, Ogawa Y and Yamashita S: Cancer
screening with whole-body PET/CT for healthy asymptomatic people

in Japan: re-evaluation of its test validity and radiation exposure.
Asian Pac J Cancer Prev 8: 93-97, 2007. PMID: 17477780.

20 Abdel-Nabi H, Doerr RJ, Lamonica DM, Cronin VR,

Galantowicz PJ, Carbone GM and Spaulding MB: Staging of

primary colorectal carcinomas with fluorine-18 fluorodeo-

xyglucose whole-body PET: correlation with histopathologic and

CT findings. Radiology 206: 755-760, 1998. PMID: 9494497.

DOI: 10.1148/radiology.206.3.9494497

Avril N, Rosé CA, Schelling M, Dose J, Kuhn W, Bense S, Weber

W, Ziegler S, Graeff H and Schwaiger M: Breast imaging with

positron emission tomography and fluorine-18 fluorodeoxyglucose:

Use and limitations. J Clin Oncol /8: 3495-3502, 2000. PMID:

11032590. DOI: 10.1200/JC0O.2000.18.20.3495

22 Dewan NA, Reeb SD, Gupta NC, Gobar LS and Scott WJ: PET-
FDG imaging and transthoracic needle lung aspiration biopsy in
evaluation of pulmonary lesions. A comparative risk-benefit
analysis. Chest /08: 441-446, 1995. PMID: 7634881. DOI:
10.1378/chest.108.2.441

23 Mikosch P, Gallowitsch HJ, Zinke-Cerwenka W, Heinisch M,
Pipam W, Eibl M, Kresnik E, Unterweger O, Linkesch W and Lind
P: Accuracy of whole-body 8F-FDG-PET for restaging malignant
lymphoma. Acta Med Austriaca 30: 41-47,2003. PMID: 12752087.

24 Schirrmeister H, Kiihn T, Guhlmann A, Santjohanser C, Horster
T, Niissle K, Koretz K, Glatting G, Rieber A, Kreienberg R,
Buck AC and Reske SN: Fluorine-18 2-deoxy-2-fluoro-D-
glucose PET in the preoperative staging of breast cancer:
comparison with the standard staging procedures. Eur J Nucl
Med 28: 351-358, 2001. PMID: 11315604. DOI: 10.1007/
5002590000448

25 Cetin Avci N, Hatipoglu F, Alacacioglu A, Bayar EE and Bural
GG: FDG PET/CT and conventional imaging methods in cancer
of unknown primary: an approach to overscanning. Nucl Med
Mol Imaging 52: 438-444, 2018. PMID: 30538775. DOLI:
10.1007/s13139-018-0544-7

26 Hu C, Liu CP, Cheng JS, Chiu YL, Chan HP and Peng NI:
Application of whole-body FDG-PET for cancer screening in a
cohort of hospital employees. Medicine 95: 44(e5131), 2016.
PMID: 27858845. DOI: 10.1097/MD.0000000000005131

27 Schonau V, Vogel K, Englbrecht M, Wacker J, Schmidt D,
Manger B, Kuwert T and Schett G: The value of 8F-FDG-
PET/CT in identifying the cause of fever of unknown origin
(FUO) and inflammation of unknown origin (IUO): Data from
a prospective study. Ann Rheum Dis 77: 70-77, 2018. PMID:
28928271. DOI: 10.1136/annrheumdis-2017-211687

28 Dikken JL, van de Velde CJH, Coit DG, Shah MA, Verheij M and
Cats A: Treatment of resectable gastric cancer. Therap Adv
Gastroenterol  5:  46-69, 2012. PMID: 22282708. DOLI:
10.1177/1756283X11410771

29 Liu W, Wang K, Bao Q, Sun Y and Xing BC: Hepatic resection
provided long-term survival for patients with intermediate and
advanced-stage resectable hepatocellular carcinoma. World J
Surg Oncol 14: 62, 2016. PMID: 26936459. DOI: 10.1186/
$12957-016-0811-y

30 Mueller M: Surgery of early-stage NSCLC. J Thorac Oncol /5:
S40-42, 2017. DOI: 10.1016/j.jtho.2016.11.038

31 Chung HW, Kim JH, Sung IK, Lee SY, Park HS, Shim CS, Bang
HY, So Y and Lee EJ: FDG PET/CT to predict the curability of
endoscopic resection for early gastric cancer. J Cancer Res Clin
Oncol 145: 759-764, 2019. PMID: 30603905. DOI: 10.1007/
s00432-018-02832-9

2

—

477



in vivo 34: 469-478 (2020)

32 Machtay M, Natwa M, Andrel J, Hyslop T, Anne PR, Lavarino
J, Intenzo CM and Keane W: Pretreatment FDG-PET
standardized uptake value was a prognostic factor for outcome
in head and neck cancer. Head Neck 3/7: 195-201, 2009. PMID:
19107945. DOI: 10.1002/hed.20942

33 Lee JW, Yun M, Cho A, Han KH, Kim DY, Lee SM and Lee JD:
The predictive value of metabolic tumor volume on FDG
PET/CT for transarterial chemoembolization and transrterial
chemotherapy infusion in hepatocellular carcinoma patients
without extrahepatic metastasis. Ann Nucl Med 29: 400-408,
2015. PMID: 25652647. DOI: 10.1007/s12149-015-0956-8

34 Sanchez V, Villa JC, Cervera R, Rafael L, Galan R, Maria J and
Espinosa C: SUVmax ratio as a novel prognostic factor in
advanced colorectal cancer. J Clin Oncol 33: 14520, 2015.
DOI: 10.1200/jc0.2015.33.15_suppl.e 14520

35 Kitajima K, Miyoshi Y, Yamano T, Odawara S, Higuchi T and
Yamakado K: Prognostic value of FDG-PET and DWI in breast
cancer. Ann Nucl Med 32: 44-53, 2018. PMID: 29134565. DOI:
10.1007/s12149-017-1217-9

36 Wang HY, Ding HJ, Chen JH, Chao CH, Lu YY, Lin WY and
Kao CH: Meta-analysis of the diagnostic performance of
['8F]FDG-PET and PET/CT in renal cell carcinoma. Cancer
Imaging 12: 464-474, 2012. PMID: 23108238. DOL:
10.1102/1470-7330.2012.0042

37 Berger KL, Nicholson SA, Dehdashti F and Siegel BA: FDG PET
evaluation of mucinous neoplasms: correlation of FDG uptake with
histopathologic features. Am J Roentgenol /74: 1005-1008, 2000.
PMID: 10749239. DOI: 10.2214/ajr.174.4.1741005

38 Park JW, Kim JH, Kim SK, Kang KW, Park KW, Choi JI, Lee
WJ, Kim CM and Nam BH: A prospective evaluation of !8F-
FDG and 11C-acetate PET/CT for detection of primary and
metastatic hepatocellular carcinoma. J Nuc Med 49: 1912-1921,
2008. PMID: 18997056. DOI: 10.2967/jnumed.108.055087

478

39 Fricke E, Machtens S, Hofmann M, van den Hoff J, Bergh S,
Brunkhorst T, Meyer GJ, Karstens JH, Knapp WH and Boerner
AR: Positron emission tomography with 11C-acetate and 18F-
FDG in prostate cancer patients. Eur J Nucl Med Mol Imaging
30: 607-611, 2003. PMID: 12589476. DOI: 10.1007/s00259-
002-1104-y

40 Weiler-Sagie M, Bushelev O, Epelbaum R, Dann EJ, Haim N,
Avivi I, Ben-Barak A, Ben-Arie Y, Bar-Shalom R and Israel O:
IBF-FDG avidity in lymphoma readdressed: a study of 766
patients. J Nucl Med 517: 25-30, 2010. PMID: 20009002. DOI:
10.2967/jnumed.109.067892

41 Heyneman LE and Patz EF: PET imaging in patients with
bronchioloalveolar cell carcinoma. Lung Cancer 38: 261-266,
2002. PMID: 12445747. DOI: 10.1016/s0169-5002(02)00221-0

42 Weckesser M and Schober O: Is whole-body FDG-PET valuable
for health screening? Against. Eur J Nucl Med Mol Imaging 32:
342-343, 2005. PMID: 15726351. DOI: 10.1007/s00259-005-
1775-2

43 Sammer MBK, Shulkin BL, Alessio A and Parisi MT: Role of
limited whole-body PET/CT in pediatric lymphoma. Am J
Roentol /96: 1047-1055, 2011. PMID: 21512070. DOI: 10.2214/
AJR.10.6074

44 Sebro R, Mari-Aparici C and Hemandez-Pampaloni H: Value of
true whole-body FDG-PET/CT scanning protocol in oncology:
Optimization of its use based on primary diagnosis. Acta Radiol
54: 534-539, 2013. PMID: 23463863. DOI: 10.1177/
0284185113476021

Received October 20, 2019
Revised November 9, 2019
Accepted November 12, 2019



